Abstract: Delays are one of the biggest problems facing by the construction industry and they have significant financial and social impact in construction projects. The paper presents a framework of Delay Analysis System (DAS) with the aim of analysing the impact of delay factors in Libyan construction projects. The system has designed by integrating the possible delay factors, critical activities of a project using @ risk simulator. A case study of building project was demonstrated to identify the impact of delays and the sensitivity of delay factor. The case study result showed that the project might be delayed by 97 to 103 days in comparison to the planned duration. The developed DAS is a tool for analysing and identify the impacts of delay factors and assist to construction manager to take necessary measure in reducing the delay impact. The paper provides a methodology for analysing the possible delay impact in a construction project and informing to construction manager in advance of the possible delay factors.
I. INTRODUCTION
Delay factors play a major role in the delivery of a construction project on time, within budget and at the required quality. A report published by General People's Committee PGC (2003) pointed out that 97% of public and private Libyan construction projects suffer delays with a high impact on project cost and time. Mansfield (1994) stated that timely completing of construction project was a signal of project efficiency; however, construction processes depend up on several variables and unpredictable factors that occur from various sources, including performance of involved party, availability of resources, site conditions and contractual conditions.
Understanding the factors of construction delay may help to find out the main factors and their significance in order to minimise and avoid the impact of delays in construction projects. This paper includes a case study to identify the possible delay and the sensitivity of each critical delay factor using @ risk simulation model. The findings from case study is expected to assist construction manager in taking necessary measures particularly the critical delay factors to reduce the impact on construction project. The remainder of the paper contents literature review, questionnaire design, data collection and analysis, @risk simulation and a case study of a building project in Libya.
II. LITERATURE REVIEW
Construction delays are a major problem in the construction industry. Ahmed et al (2003) suggested that delays are key problem that occur in each construction project and the extent of these delays varies from project to project. It is found that certain projects are only a few days late while some projects are delayed by over a month or a year. For construction projects in developing and developed countries, several research studies were carried out to identify the delay factors, and they found a wide range of opinions and factors that delay a project.
Al-Moumani (2000) developed a qualitative analysis of construction delays by examining the records of 130 public building projects in Jordan. The frequencies analysis method was used to rank the main causes of delay from the survey data and revealed that the main causes of delay in construction projects were designer's faults, changes in weather, site conditions, late deliveries, economic conditions and variation in quantities. Similarly, Alaghbri et al (2005) found several causes of delay in Saudi construction projects by analysing the survey data collected from 23 contractors, 19 consultants, and 15 owners. They found that drawing preparation, approval of design, payment delay, changes in design, slow cash flow, design errors, and labour shortage were the key delay factors that affecting the project delay.
Previous research studies (Mansfield et Abdelnaser et al 2005) found that the delay factors in construction projects were quite different from project to project and country to country. Morano (2006) highlighted that a large number of techniques are being used in the identification process KICEM Journal of Construction Engineering and Project Management of risks in the construction projects. These techniques are checklists, interviews with individuals or groups, brainstorming, survey and Delphi technique. Abdulaziz et al (1998) found various methods to analyse the impact of delays on construction schedules and these methods are As-planned method, As-built method and modified Asbuilt method. They also found that the outcomes of delay were unpredictable. One method might not be used universally over another in all situations; or one method might prove to be the most desirable from the standpoint of the contractor or the owner (Abdulaziz et al, 1998).
To analyse the impact of delay factors on construction projects, Youngjae et al (2005) developed an effective and logical methodology "Delay Analysis Method Using Delay Section (DAMUDS)" by evaluating the construction delays which adequately accounts for commonly encountered situations. The first inadequacy was the ambiguity in the analysis of the concurrent delay. The other was the inadequacy of consideration of timeshortened activities. The DAMUDS incorporated two new concepts for correcting these inadequacies: the Delay Section (DS) and the Contractor's Float (CF). The developed method included three steps: the first step was a division of the total delayed project duration into multiple time increments of DSs, and the second step was to analyse and evaluate the time increment. The last step was to iterate the analysis of time increment into three steps: updating the baseline schedule, rescheduling the updated baseline schedule, and apportioning the responsibility of the changed project duration. The DAMUDS was widely used as a method of concurrent period of analysis. However, this method did not integrate and simulate the risk probability associated with delay factors and critical work activities of a construction project.
More recently, Jaskowski and Biruk (2011) pointed out that project activities' durations are directly affected by different risk factors independently. Existing risk analysis models, for example, simple analytical and neural networks developed by Kog et al. 1999 Jaskowski and Biruk (2011) agreed that the simulation model developed by Dawood (1998) is a quantitative delay analysis model which considered the impact of each delay factor independently for predicting durations of activities and whole project. Therefore, the research presented in this paper seeks to integrate the delay factors within the simulation model of delay analysis system to predict the activity or project durations, considering the influence of each risk factor independently.
Considering the above points, it is concluded that the causes and effects of delay factors in construction industry vary from country to country due to environmental, topographical and technological constraints. Previous research did not incorporate the importance weight (of delay factors (that have major contribution in project delay) in quantifying the impact of delays in construction projects. In anticipation of the effect of globalisation and technological difference between developing and developed countries, it is necessary to identify the actual reasons of delay in order to reduce the impact of delay in any construction project. Therefore, a new methodology for analysing and quantifying the impact of the delay factors is necessary by integrating the influence value of each possible delay factor in a construction project so that a preventative measure can taken in advance to minimise the impact of project delay and reduce the project cost.
III. RESEARCH METHODOLOGY
According to Wael et al (2007), a questionnaire is one of the most cost effective ways to collect and analyse a large number of responses from the involved parties in the construction industry in order to achieve better statistical analysis of the data. In this study, therefore, a questionnaire was used to collect the data related to delay factors associated with construction projects. The survey data were analysed to rank the delay factors and determine the Important Weight (IW) of delay factors using the frequency and severity index method. A framework for a Delay Analysis System (DAS) is developed using the findings from a literature review and industry survey. Frequency and severity index methods are used to identify the delay factors in Libyan construction industry. A case study of a building project is used to evaluate the functions of the DAS. The next section discusses the industry survey.
A. Questionnaire design
A questionnaire was designed by analysing the existing questions, which were used in previous study for identification of delay factors in construction projects Wa'el and Mohd (2007) . The aim of the survey is to identify the frequency of occurrence and the severity level of delay factors associated within construction projects. Contractors, owner and consultants were requested to answer the questions pertaining to their experience within construction industry. The questionnaire was divided into three parts. Part one was related to general information of the respondent's experience and associated company. Part two was related to the performance of the projects, involved by respondents. Part three included a list of 75 delay factors, which identified from literature related in construction project. These factors were further classified into four (4) categories and eight (8) sub-categories according to the sources of delay.
Delay factors listed in the questionnaire are related to project, owner, contractor, consultant, materials, equipment, manpower (labour), project management and external factors. For each delay factor, two questions were asked: What is the frequency of occurrence and the degree of severity of each factor? Both frequency of Vol.2, No.3 / Sep 2012 occurrence and severity were measured on a four-point rating scales because the four point scales provides better results in case of measuring frequency and severity of a factors. These scales also have been used widely by several research in past with satisfactory results in the engineering and applied science. Frequency of occurrence was categorised: never, occasionally, frequently and constantly (1 to 4 rating scale). Similarly, degree of severity was categorised: No effect, fairly severe, severe and very severe (1 to 4 rating scale). The responses were collected from the construction projects in Libya.
B. Data collection
A random sampling was employed to select the potential respondents: construction companies, consultants and owners in Libya. A total of 125 questionnaires were distributed to the randomly identified respondents. A total of 72 out of 125 (57.6%) responses were received. The details of survey including the questionnaire distribution and the respective number of responses are presented in Table 1 . 
C. Survey data analysis
This section discusses the survey data analysis. A method called "importance-based rank" is utilised for a group ranking of each professional group (contractors, consultants and owners). Moreover, three ways are used for ranking all delay factors, subcategories rank, and main categories rank. The analysis and discussion of ranking focuses directly on the importance of delay factors rather than ranking them based on frequency and severity separately. The ranking analysis methods suggested by Assaf and Al-Hejji (2006) such Frequency Index (FI), Severity Index (SI) and Importance Weight (IW) were used to analyse the survey data and discuss the survey results. Frequency index method was selected for the ranking of each delay factor considering the frequency of occurrence identified by participants in the survey.
Where a is the constant expressing weighting given to each response (ranges from 1 for never up to 4 for constantly), n is the frequency of the responses, and N is total number of responses Similarly, severity index method was selected to rank delay factors based on severity as indicated by the participants.
Where a is the constant expressing weighting given to each response (ranges from 1 for no effect up to 4 for very severe), n is the frequency of the responses, and N is total number of responses. Importance Weight: The importance index of each factor is calculated as a function of both frequency and severity index. The ranking results are presented in Appendix-A. The appendix shows the Importance Weight (IW) of each delay factor and its rank on frequency and severity scale separately.
D. Results of survey
The delay factors associated with construction projects were grouped into four main categories (contractors, consultant, owners and externals factors) as shown in Table 2 . Furthermore, the analysis with Importance Index (II) for a particular category of delay factors is practical and valuable in determining the average Importance Index (II) of all categories Kometa et al (1994) . Accordingly, another method of Important Index (II) was identified in order to take into account the number of causes for each category thus ranking these categories. Moreover, the delays factors were also grouped into eight sub-categories as shown in Table 3 . The details of survey results related to all subcategories of delay factors are discussed below. Moreover, the delay factors were also ranked into eight sub-categories and the survey results are presented in Table 3 above. The survey results revealed that the delay due to materials found at fourth important sub-category. Similarly, the delay due to equipment found at seventh rank. Manpower subcategory of delay factor was ranked as the second positions.
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Furthermore, the project management sub-category was ranked as eighth position. The consultant subcategories were ranked as first, whereas the owner subcategories ranked as fifth for responsible for delay in construction projects. Finally, the early planning and design subcategory ranked sixth whereas, the external factors sub-categories were ranked third as shows in Table 3 .
Following the findings from the literature review and industry survey, a conceptual framework was introduced to analyse the impact of delay factors in a building construction project. The next section discusses the input, process and output the proposed framework IV. DEVELOPMENT OF A FRAMEWORK OF DELAY ANALYSIS SYSTEM A conceptual framework of the DAS was designed to analyse the critical delay factors and quantify the impact of the delay factors in a construction project. The list of the critical delay factors were identified by analysing the collected data from the industry survey. Figure 1 presents conceptual framework of the DAS, which is arranged into inputs, process and outputs. The figure used in this paper represents a research methodology for the analysis of impacts due to possible delay factors in construction projects.
The details of inputs, process and outputs of the DAS are discussed in next sections.
A. Inputs of the DAS framework
The main inputs of the DAS are: a list of critical delay factors, Important Weight (IW), and a list of the critical activities of a construction project. The IW of delay factors were identified from a Libyan construction industry by analysing the frequency and severity of each delay factor as discussed above. The list of project activities in a building project is analysed using Critical Path Method CPM to identify the critical activities. These critical activities are a key input in the DAS because these activities are responsible for the delay of a project and overrun the project cost. Moreover, the critical activities of a project are considered for analysing impact of delay in the DAS because the duration of the critical activities are considered to identify the project duration and these activities have high impact on overall project delay. In this conceptual model of the DAS, the near critical activities are not integrated because these activities have less impact compared to the critical activities even though risk factors are analysed for both critical and near critical activities. Each activity in the critical path is called as critical activity since the total float of each critical activity is equal to zero. The delay in one activity in critical path has an impact in the whole project. Therefore, only critical activities were taken into account to analyse the impact of delay factors in a construction project. In the DAS, critical activities and relevant delay factors are the key inputs for analysing the impact of the delay in a construction project. For example, the duration and slack time of each critical activity of a project which is considered as inputs of the DAS are shown in Appendix-B. The process of the DAS is discussed in next section
B. Process of delay analysis system
The process of the DAS system was divided into four sub-sections: the identification of influence value of each critical delay factor, the selection of the delay factors affecting each critical activity, the identification of risk distribution for generating random numbers, and the integration of delay factors with critical activity. The details of process including the Mont Carlo Simulation (MCS) technique are discussed as follows.
1) Selection of delay factors affecting each critical activity
The possible types and numbers of critical delay factors, affecting each critical activity were selected through site knowledge base approach. The site knowledge was collected from construction professionals through interviews) during the construction industry survey. The influence value of each delay factor is calculated using the equation 5, which is the ratio of IW of each delay factor to the sum of IW of all delay factors, affecting a critical activity. The IW of each delay factor was identified by analysing the survey data, collected through the industry survey. Each activity has (risk) delay factors where the total influence of all risk factors should be 100% for an activity. In this study, equation 5 is used to calculate the influence values of each delay factor as below. Table 4 ). The calculation of Influence of each delay factors is presented in Table 4 below. Similarly, all critical activities of the building projects were analysed. Influence factors of critical activities were determined by considering IW of each delay factors that were calculated from survey aiming to incorporate in Mont Carlo Simulation (MCS). The delay impact of each critical activity was analysed and combined with associated delay factors to determine the delay of a construction project.
2) Generation of random number
Random numbers for each delay factor are generated from a particular representative distribution. The random values are generated between minimum and maximum (0, 1) using the Monte Carlo simulation technique assuming a suitable risk distribution. There are different types of random distribution values such as uniform, triangular, normal and beta. The type of distribution can vary from one activity to another activity (Dawood, 1998) . However, this depends on the types of (risk) delay factors and their nature of impact on each critical activity in a project and these aspects were considered for assuming the risk distribution for delay analysis in this system. The risk distribution types depends on the nature of delay factors, which is selected past experience and knowledge of construction professionals through construction industry survey.
3) Integration of random number and influence value
The equation developed by Dawood 1998 was used in the DAS to calculate the possible duration of activity considering the impact of delay factors because the equation assist to quantify the expected project duration considering the impacts of delay factors affecting each critical activity. The equation also helps to identify/predict the best possible duration of the activity.
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Therefore, this method was considered for calculation of the possible duration of a project in this study. The random numbers and influence values are a multiple factor. This is used to estimate the best possible duration of each critical activity. The possible duration of each critical activity in a project is identified/predicted using the equation 6 developed by Dawood (1998) Min Time is the minimum that can be assigned to an activity. Max Time is the maximum that can be assigned to an activity. Random 1 = random numbers generated by MCS for selected type of risk distribution RF n is the influence of delay factor (n) on a particular activity. RF n=Influence factor = The minimum and maximum duration of each activity used in the DAS were identified using the site information and knowledge of construction manager through site meeting. After identifying the duration of each critical activity, equation 6 is used to identify/predict the best possible duration of the activity, considering the impacts of delay factors affecting each activity in a construction project. The results of the most critical delay factors and their impact value are shown in Appendix-C.
C. Outputs of delay analysis system
The outputs of the DAS are the possible duration of a construction project and the sensitivity report of each critical delay factor affecting the project. This includes the maximum, mean and minimum possible duration of each critical activity and the whole project. The outputs are produced by processing the inputs through the DAS using equation 6 as discussed above. Moreover, the system also provides a sensitivity report of all critical delay factors, considered in the system for analysing the impact of delay. This sensitivity report provides information about the sensitivity of each critical delay factor (which delay factors have high influence in project duration in comparison to others). The possible delay in a project is identified by comparing the project duration between actual project duration and the system generated project duration. The introduced DAS in this study is expected to assist construction managers in analysing the construction resources, and reducing the impact of delay factors in terms of time and quality in a construction project.
V. CASE STUDY DEMONSTRATION
A case study is used to evaluate the functions of the DAS. The selected building project for the case study was completed on a turnkey contract basis and the project value was around £ 10 million. The required data for inputs of the DAS such as project activities and delay factors affecting the building project were collected from the construction company that completed the project. This input was processed as discussed in the above sections.
A. Results and discussion
This section outlines about results and discussion of the case study. The input was processed as discussed above. After running the DAS, the possible durations of the building project were identified as shown in Figure 2 and Figure 3 . The results found that the minimum, mean and maximum duration of the building project are 463, 476.61 and 469.92 days. The case study results revealed that the mean duration of project was found to be higher than the planned duration (373 days) after considering the impact of delay factors. This confirmed that the project might delayed by 97 days when comparing the planned duration (Figures 4 and 5) . The sensitivity analysis results showed that the delay in supervision, poor planning, shortage of required materials, changes in the scope of the project, incomplete design documents, severe weather conditions on the job site, delay in material delivery, financial problems, interference by the owner in the construction operations, delay in the settlement of contractor claims by the owner and rise in the price of material were the highly sensitive delays factors in the building project.
FIGURE IV CUMULATIVE DISTRIBUTIONS FOR PROJECT DURATION BETWEEN DELAY FACTORS AND CORRELATION COEFFICIENT FIGURE V GRAPHICAL RESULT OF SENSITIVITY ANALYSIS

VI. CONCLUSIONS
The research study has introduced a new methodology to analyse and quantify the impact of delay factors by developing a delay analysis system (simulation model). A framework of the system was developed using the findings from the literature review and industry survey in Libyan construction projects. A total of seventy five delay factors, considered most common in building construction, were listed from literature review to identify the importance weight (IW) of each delay factor by conducting the industry survey and ranking those factors using frequency and severity index methods. These delay factors were classified into eight subcategories and four main categories related to owner, consultants, contractors and others. The survey results found that the rank levels of delay factors were different from the views of three parties' contractor, consultant and owner.
A case study was demonstrated to evaluate the functions of the introduced delay analyse system by analysing and quantify the impact of delay factors in a building project using the IW of delay factors. The simulation result showed that the building project might be delayed by 97 to 103 days from the planned project duration when a total of 24 most critical delay factors apply. The project might be delayed by more days if a total of seventy five delay factors were considered.
The findings of the case study show an indicative figure of the possible delay in terms of time when considering the critical delay factors affecting a construction project. The key contribution of this study is a methodology development for analysing and quantifying the impact of delay factors in construction projects through better investigated, understood and documented report. The system is expected to help policymakers, decision makers and other stakeholders within the construction industry to gain a fuller understanding of the industry, enabling them to make efficient decisions to formulate short and long-term construction strategies and policies aiming to improve the industry's processes and operations. Vol. 
